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VARIABLE GAIN LOW NOISE AMPLIFIER 



TECHNICAL FIELD 



[0001] The present invention relates to Low Noise Amplifier (hereinafter oatted- 
"LNA"), more specifically, it is related to a variable gain LNA that is operated 
most suitably in input matching, gain and noise characteristics, a^Jinearity, etc. 

BACKGROUND OF THE INVENTION 

ore 

[0002] A first terminal is comprised y& an amplifier that generally amplifies small 
signafto large signaf^in wireless equipment^, for example a portable phone, TVj 
etc. This amplifier is donrmnde d to have an amplifying operation having 



(characterise low noise and high gairrwhen the signal is very small. But 
linearity is demanded rather than the amplifying operation when the signal is 
relatively large. Therefore, the amplifier satisfies (j^plifyingm^ more than 



two kindsVaccording tp^input signal level, and it is necessary that the amplifier 
■shotrtd^ select^ one of them^in the wireless frequency receiving equipments. 

•* A 1 

[0003] As a low noise amplifier ji^the prior arts, it is disclosed in U.S. Pat. No 
6,144,254 that it is possible to switchi)*£j~be*h a low gain and high gain state. 
[0004] Fig. 1 shows a circuit diagram of a low noise amplifier disclosed in U. S. 
Patent No 6,144,254. 

[0005] As shown in Fig. 1, the low noise amplifier comprises a common-emitter 
BN1 (the first NPN transistor to operate in a high gain state), common-base BN2 
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(the second NPN transistor to operate in a low gain state), third NPN transistor 
BN3 (the third NPN transistor for provide bias current in BN2)^and resistor R1 . 
[0006] That is, a collector of the first NPN transistor BN1 is connected to an 
output terminal Pout of <^LNA, a base is connected to an input terminal Pin of ^ 
LNA and the first bias input terminal Biasl, and an emitter is grounded. The 
resistor R1 is connected between the first bias input terminal Biasl and first 
NPN transistor BN1 . 

[0007] A collector of the second NPN transistor BN2 is connected to the output 
terminal Pout or-CNA, a base is connected to the second bias input terminal 
Bias2, and an emitter is connected to the input terminal Pin of LNA and a 
collector of the third NPN transistor BN3. — 
[0008] A base of BN3 is connected to Bias<£f(the third bias input termina^Tand 
an emitter is grounded. f) 
[0009] Hereinafter ctesefibes- an operation of XLNA ]*J the prior arts£ referring to 

Fi9,1 - , uo6^ — : ____ 

[0010] In the high gain stateYBias'1 is high, ancLBias 2 and Bias 3 are low. 

Therefore/vBN1 is activated and performs the amplifying operation of a high gain, 

in the high state. HereyEN.2~and ^BN traretu med off. A 

[0011] In the low gain state^Bias 2 and Bias 3 are high, ancrBias 1 is low. 

Therefore, BN2 and BN3 are activated and perform the amplifying operation^ 

^tJo oF*^-*-' 

-tow-gaiw^in the low gain state. Here, BN 1 is turned off. 
[001 2] The low noise amplifier shown in Fig. 1 selects one ofVtates between 
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high gain and low gain, and then operates the high-gain or low-gain amplifying 

operation in accordance withVsize of the received signal. But, the circuits 

operated ife each gain state flfc af f ec|jo ^Toad wteh oa o h other, because input 

terminals of the emitter-common first NPN transistor BN1 and base-common 

-Jo 

second NPN transistor BN2 are directly connected with each other, that is the 

Jo 

base of BN1 is directly connected-with a emitter of BN2, in the low noise 
amplifier shown in Fig. 1 . Namely, when the low noise amplifier operates in 
^igh gain state, the capacitance oremitter terminal of BN 2 acts as a load pt 



high gain circuits. As a result ^tt^t, the gain, matching^and ^f*§ noise 
characteristi^o^h^ gain state are not good, and the capability of the low noise 
amplifier is reduced. In addition, wherriow noise amplifier operates inMow gain 
state, the capability o^low gain state is reduced by the capacitance of the base 




terminal of BN Vjn the samewitf^^gh gain state. Because two mode 
impedance level of Tnput terminal are substantialv%ame level, yzQ the impedances 
act as a load with- each other 

SUMMARY OF THE INVENTION 
[001 3] The object of the present invention is to provide a variable gain low noise 
amplifierifrst the circuits^signed to operate in the best suited^each gain 
mode &/iot affect^ the capability of the best suited^ to operat e in the other 
gain mode. 

[0014] Another object of the present invention is to provid J'variable gain low 
noise amplifier mStlnput matching, gain, noise characteristics, linearity, etc can 
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6 




Wjdisplay^d the capability of the best suitedto^eactL=atNer different mode.' 
[0015]T)^-DTlTCr object of the present invention is to provide^variable gain low 
noise amplifier which is operated according to the size of receiving signal in 
more than two amplifying mode, and can be variecJvfhe^gain in low gain mode? 



[0016] The oilier object of the present invention is to provid^/ariable gain low 
noise amplifier tha* power consumption is low. 

[0017] Aceefdi«glo achieve above objects, a variable gain low noise amplifier, 
which amplifies the signal applied in an input terminal and outputs to an output 



terminal, compris^aa first amplifying cell, which comprises a first terminal and 
second terminal connected to the output terminal, amplifies the signal applied to 
the first terminal to high gain, and outputs to the second terminal in high gain 
mode; a second amplifying celUcomprisJ^ a first terminal and second terminal 
connected to the output terminal, amplifies the signal applied to the first 
terminal to low gain, and outputs to the second terminal innow gain mode; a 
selectively matching circuity comprises a first terminal connected to the input 
terminal and second terminal connected to the first terminal of the first 
amplifying cell, and selectively changes an input impedance of the first 
amplifying cell; a first short-circuit means connected between the input terminal 
and the first terminal of the amplifying cell, and transmits the signal applied to 
the input terminal to the first terminal of the second amplifying cell in the 
operation of low gain mode; and wherein the selectively matching circuit 
changes the input impedancf^aTthe power transmitted to the first amplifying 
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cell of the signal applied to the input terminal is to be maximum in the operation 
of high gain mode, and to be minimum xsft essentially zero in the operation of Jow 

4& 

gain mode. 

[001 8] The variable gain low noise amplifier of the present inventiorr^further 
comprises a short-circuit means connected between the second terminal of the 
second amplifying cell and the output terminal. 

[001 9] The variable gain low noise amplifier of the present invention^further 
comprises a short-circuit means connected between the input terminal and the 
output terminal. ,\JU*f 
[0020] The variable gain low noise amplifier of the present inventioivwherein 
the first amplifying cell comprises first, second, third terminals, amplifying 
element , resistor^and degrad a t i o n impedance, and wherein the amplifying 
element , resistor and aeffiad at i on impedance £<p controll)sq the amounts of 




currentfiow^d from the first terminal to the second terminal in proportion to the 



voltage applied to the third terminal; and a first terminal of the amplifying 
element is formed to*fie"~second terminal of the first amplifying cell, the second 
terminal is connected with one of terminals of the degrad a tio n impedance, the 
third terminal is connected with one of terminals of the resistor and then formed 
toXffefirst terminal of the first amplifying cell, the other terminal of the resistor 
is applied to the HG-bias voltage of activating the first amplifying cell in an 
operation of high gain mode, the other terminal of the degrad a tio n impedance is 
grounded, and the amplifying element is connected to common mode of the 
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second terminal. J*aa 
[0021] The variable gain low noise amplifier of the present inventior^^wherein 
the second amplifying cell comprises a first, second, and third terminals; a first 
amplifying element control^ the amounts of current flow^/from the first 
terminal to the second terminal in proportion to the voltage applied to the third 
terminal; wherein the second terminal of the first amplifying element is formed 
tdvtR^irst^ferminal of the second amplifying cell, and the third terminal is 

-to e- 

applied to the LG-bias voltage oCactivatifif the second amplifying cell in the 
Coperati^^f) low gain mode, and the first amplifying element comprises an 
amplifying unit connected to.common mode of the third terminal; and^second 
and third amplifying element^ voltage source, and variable voltage source, -w#Hehr 
•afe controlted the amounts of currei^^wed from the first terminal to the 
second terminal in proportion to the voltage applied to the third terminal; 
wherein the first terminal of the second amplifying element is formed to the 
second terminal of the second amplifying cell, the second terminal is connected 
to the first terminal of the first amplifying element of the amplifying unit by 
connecting with the second terminal of the third amplifying element, the third 
terminal is connected w*th one of the terminals of the voltage source, the first 
terminal of the third amplifying element is connected to the power source, the 
third terminal is connected to the variable voltage source, and the other 
terminals of the voltage source and variable voltage source are grounded. 
[0022] A variable gain low noise amplifier of the present inventionrwlwein the 
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matching circuit comprises a first and second inductor, capacitor, and short- 
circuit means; and one of the terminals of the first inductor is connected with 
the second inductor and the capacitor, the other terminal is connected to the 
short-circuit means, the other terminal of the second inductor is formeckfirst 

terminal of the matching circuit, the other terminal of the capacitor is formed \o 

-fj^ 

vsecond terminal of the matching circuit, and the other terminal of the short- 
circuit means is grounded. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] Fig. 1 shows a circuit diagram of a low noise amplifier fcLthe prior arts\ 
[0024] Fig. 2a shows a circuit diagram of a source-common amplifier^ the prior 
artf. 

[0025] Fig. 2b shows a circuit diagram of a gate-common amplifier i)£the prior 
artjL . 

[0026] Fig. 3 shows a circuit diagram of a variable gain LIMA according to an 
embodiment of the present invention. 

[0027] Fig. 4 shows a circuit diagram of a variable gain LNA according to 
another embodiment of the present invention. 

[0028] Fig. 5a shows a circuit diagram of a first amplifying cell according toJfQ 
eixteodiment-ef the present invention^ the variable gain LNA show§4J in Fig. 3 
-etrvi Fig. 4. 

[0029] Fig. 5b shows a circuit diagram of a second amplifying cell according to 
an o mbodimont of the present invention p^the variable gain LNA showecHn Fig. 



-7- 



Attorney Docket No.: GK-US0351 1 2 



3 -and Fig. 4. 



[0030] Fig. 5c shows a circuit diagram of a selectively matching circuit 

-Caf- 

according to an e mbod i m e nt o f the present invention £§,the variable gain LNA 



showed- in Fig. 3 a«d Fig. 4. 
[0031] Fig. 6a shows a circuit diagram of the variable gain low noise amplifier 
shown in Fig. 3 using circuits shown in Fig 5a, 5b and 5c. 
[0032] Fig. 6b shows an equivalent circuit diagram of #(e input part of the first 
amplifying cell in order to describe the operation of selective matching circui^in 
accordance with an embodiment of the present invention, when the variable 
gain low noise amplifier is operated in high gain mode. 

[0033] Fig. 6c shows an equivalent circuit diagram of the input part of the first 
amplifying cell in order to describe the operation of selective matching circuit in 
accordance with an embodiment of the present invention, when the variable 
gain low noise amplifier is operated in low gain mode. 

DETAILED DESCRIPTION 
[0034] Hereinafter, preferred embodiments of the present invention will be 
described in detail with reference to the attached drawings. 
[0035] Here, a common source and gate low noise amplifier oVfSnor arts will be 
described, and then proper embodiments of a variable gain low noise amplifier 
according to present invention will be described in detail with reference to the 
attached drawings. 

[0036] Fig 2a shows a common source amplifier j!^ prior art^. 
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[0037] S h^WingW FT^ 2, a common source amplifier comprises^NMOS 
transistor MS21, first inductor L21 r second inductor L22 and third inductor L23, 
resistor R2jJ^and voltage source V21 . The drain oi^MOS transistor MS21 is 
formed X^^r^^uX terminal Pout connected with one of terminals of first 
inductor L21, the gate is connected wit^esistor R21 and third inductor L23, 
and the source is connected with one ol^erminals of v £econd inductor L22. The 
other terminal of inductor L21 is connected to a power source VDD, aft€h 
the other terminal of Second inductor L22 is grounded, and the other terminal of 
third inductor L23 is formed tcran inputterminal Pin of the amplifier. The 
voltage source V21 is connected between the other terminal of the resistor R21 
anJ^round. 

[0038] The common source amplifier show^ Fig. 2a amplifies the signal applied 
through the input terminal Pin tS^Tfigh gairVflmd can be matchecMhe input power 



a degradatio n oftgou 



and noise through a degradatio n ortsburce. Accordingly, the source common 
amplifier is proper to get-a maximtfm noise characteristic? and gain. But, irie-a- 



weak poin^ff^at linearity is bad due to a voltage amplification effect caused 
by capacitance o^fliird inductor L23 and NMOS transistor MS21 . 

•ft*- u 

[0039] Fig. 2b shows circuit diagram of gate common amplifier itf prior ar^s. 
[0040] Showed in Fig. 2b, the gate common amplifier comprises a NMOS 
transistor MG21, an inductor L24, a capacitor C21 and a current source 121. 
The drain of the NMOS transistor MG21 is formed td^TToutput terminal Pout of 
the amplifier connected with one of the terminals of the inductor L24, the gate 
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is connected to one of the terminals of the voltage source V22, and the source 
-to 

is connected with one of the terminals of the current source 121 and capacitor 

C21 . The other terminal of the voltage source V22 is grounded, the other 

terminal of the inductor L24 is connected to the power VDD and the other 

terminal of the current source 121 is grounded. The other terminal of the 

capacitor C21 is formed tBv^rTTnput terminal Pin of the amplifier. 

hi 

[0041] The gate common amplifier showed in Fig. 2b amplifies the signal applied 
through the input terminal Pin t6~Tow gainr^Because it cannot - be get effect 
^tf voltage amplification t# use^n input matching circuit in the gate common 



compared 



amplifier, the gain and noise characteristic }gT5ad>@ compares with the source 
common amplifier showed in Fig. 2a. But, it is easy to match an input 
resistance through the gm value by controlling of <currenrflowe#>o the 



transistor( NMO^ because the input resistance is 1/gm. The value of the input 
resistance is much smaller than that of the source common amplifier showed in 
Fig. 2a. I^w^t strong poinMhat the gate common amplifier can V ^S a very high 
linearity^f^tRaRTFie source common amplifier, because the linearity of gm is 
superior in cas^^TaTeUently developed transistor S^in^ gmall channel length. 
And it is easy for the gate common amplifier to operate a variable gain function 
by means of addi tion oAh o circuit which io to vary the output current in the 
output terminal of the amplifier. 

[0042] Hereinafter d o ccriboo an embodiment of a variable gain low noise 
amplifier (LNAK -* 
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[0043] The variable gain LNA according to the present invention makes ffcfe use 
of an amplification element that is a MOSFET transistor. The amplification 
element comprises a gate, source^and drain. The MOSFET transistor has the 
characteristics that amounts ond the direction of a current flowB^Pfrom the 
source to the drain or the other waylgfdecided according to the value and 
polarity of the voltage applied to the gate. Other amplification elements like the 
MOSFET are a bipolar junction transistor (BJT), junction field effect transistor 
(JFET), metal oxide semiconductor field effect transistor (MOSFET), metal 
semiconductor field effect transistor (MESFET), etc. 

[0044] Hereinafter describes mostly the MOSFET among the above amplification 
elements. But the sprit and scope of the present invention is not limited to the 
MOSFET element and may be applied all the other equivalent elements. And 
hereinafter describes mostly an N type MOSFET, but it is obvious to those 
skilled in the art^ that the spirit and scope of the present invention may be 
applied to a P type MOSFET^not limited to the N type MOSFET. 
[0045] Fig. 3 shows a circuit diagram of a variable gain LNA according to an 
embodiment of the present invention. 

[0046]Showed in Fig. 3, the variable gain LNA according to an embodiment of 
the present invention comprises a first amplifying cell 3100, second amplifying 
cell 3300, selectively matching circuit 350^and first means of short nirniiit^^ sa ^ J 
SW1 . The first amplifying cell 3100 comprises a first terminal 301 and second 
terminal 303, and amplifies a signal applied to the first terminal 301 ^ high gain 
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a$ minimiz^a« additional noise^irVhigh gain mode. The second amplifying cell 

3300 comprises a first terminal 305 and second terminal 307, and amplifies a 

-to 

signal applied to the first terminal 305 control the gain-^inMow gain mode. 

The selectively matching circuit 3500 comprises a first and second terminal 309, 

311 and selectively changes an input impedance of the first amplifying cell 

3100 for that the circuit operated in each gain mode does not act on a load 

respectively. OJlt€ ^ 

[00471 Hereinafter describes the connection r-etetion of *hese, j^ewM»g-4e Fig. 3^ 

-+© 

[0048] The first terminal 301 of the first amplifying cell 3100 is connected wfth- 

the second terminal 31 1 of the selectively matching circuit 3500, and the 

-to 

second terminal 303 is connected wrth-the second terminal 307 of the second 

l<al 



amplifying cell 3300 and formed tb>an~output terminal Pout &KnA. The first 
terminal 305 of the second amplifying cell 3300 is connected with the first 
short-circuit means^WL ^fhe first terminal 309 of the selectively matching 
circuit 3500 is connected w+th the other terminal of the first short-circuit means^L^ J 
SW1 and formed toMh input terminal Pin orLNA. 

[0049iShowe2l-in Fig. 3, the third short-circuit terminal m^^emprfeed between 
the second terminal 307 of the second amplifying cell 3300 and the output 
terminal Pout in the variableaain LNA according to an embodiment of the 

d that? ihe~c 



present invention. And thatrrhroutput signal of the second amplifying cell 
3300 outputs to the output terminal of the LNA due to the third short-circuit 

V< ^ r &a ^ ^ 

means>£W3 in tbe<rlperatiqrti#> the low gain modeT 
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[0050] Hereinafter d o oor i boo an operation of the variable gain LNA according to 

, .. x , .M ^.ii leg- de^n\o^J y 
an embodiment of the present invention/* ' 

[0051] The variable gain LNA tsCoperated in two mode, that-is high gain^nd.low 

gain mod^according to)& power level of a received signal. That is, it j& 

operate^injiigh gain mode when the power level of the received signal is under 

TtTB> threshold powei^decided beforehand, and operate^ irvlow gain mode when 

the power level of the received signalis-overthfiJhreshold power. 

[0052] The short-circuit means may reduce the signal due to having a A i 6 

cKsreg ardl e ss resistance value in the state of short-circuirTand may tyq operate^ 



^ a load dtte-te having a finiterv$$£ reactance value in the 
when it is operated irVfitgh gain mode. Accordingly 



mm 



,/KCmust restra 



^open-circuit^ 
usg^e 

short-circuit means in the circuit operated in high gain mod£T and the above load 
characteristics of the short-circuit means must be carefully^considered ft 



^eacj^mplification circuit operatiori ^espectively T 

[0053] When it^high gain mode, the first amplification cell 3100 is activated 
i ^Tthat the first short-circuit means SW1 is opened and HG-bias is applied to the 
first amplifying cell 3100. And the second amplifying cell 3300 is inert by r^v 
applying^G-bias. 

[0054] Accordingly, when it is operated in^gh gain mode, the impedance of the 
second amplifying cell «3j^QO operated inMow gain mode^not effect t>© the first 
amplifying cell 3100 operated inrhigh gain mode by^pening of the first short- 
circuit means SW1, and only the open impedance of the first short-circuit means 
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i ocTfoct t o the high gain mode circuit. But, the input of the first amplifying cell 
3100 operated in^fiigh gain mode is generally matched to 50 - 70 ohm, that is 
standard resistance^fiue to the selectively matching circuit 3500, the open 
impedance of the first short-circuit means SWI^^^I^Tigl^value^Tore than 50 ~ 
70 ohm. So, the effect that the open impedance is-4© a load for the first 
amplifying cell 3100 is ignored. Accordingly, the variable gain LNA according 
to an embodiment of the present invention may be the most suitable operation 



in high gain mode, and amplifies the input signal t^high gain. 
[0055] WhenitJs^iow gain mode, the second amplifying cell 3300 is activated 
by *hat the first short-circuit means «,shorted and LG-bias ^ applied. And, the 
first amplifying cell 3100 is inert byn|^applying^G-bias. The selectively 
matching circuit 3500 changes the input impedance of the first amplifying cell 
3100 irtTow gain mode to high impedance v more than the bcfo?chon ?decided 
value (generally standard resistance value: 50 - 75 ohm): Accordingly, inlow 
gain mode the variable gain LNA may be the most suitable operation because 
the first amplifying cell 3100 is not operated to^aload of the second amplifying 
cell 3300 inMow gain mode. 

10056] Fig. 4 shows a circuit diagram of a variable gain LNA according to 
another embodiment of the present invention. 

[0057] The embodiment showe^ in Fig. 4 is different^Ohevariable gain LNA 

V\ ex. 

according to the embodiment show^i in Fig. 3 in the point that fourth short- 
circuit means^/v4isGempfised between the input terminal Pin and^utput 
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terminal Pout. The variable gain LNA according to another embodiment of the 
present invention directly transmits the received signal to the output terminal 
Pout through the fourth short-circuit means. So, power consumption may be 
reduced according to this embodiment. Moreover high linearity is provided and 
signal distortion is reduced by eliminating an input signal level of post part 
(normally mixer) of the variable gain LNA. 

[0058] Fig. 5a shows a circuit diagram of a first amplifying cell according to an 
embodiment of the present invention in the variable gain LNA showed in Fig. 3 
and Fig. 4. 

[0059] As shown in Fig. 5a, the first amplifying cell 3100 is embodied in 

Common-source, and comprises an amplifying element MS51, dogradotio f*- 

impedance DI51, and resistor R51 . The drain of the amplifying element MS51 
r^pio^^- ' 

is formed id^he second terminal 303 of the first amplifying cell 3100, the gate 
is connected to the terminal of the resistor R51 and is formed toThe first 



terminal 301 of the first amplifying cell 3100, and the source is connected to a 
terminal of d e grad a t ion impedance DI51 . In the other terminal otVesistaWee- 
R51, when^fiigh gain mode operates , the first amplifying cell 3100 is activated 
by HG-biasing voltage>the other terminal of degfatiattefi impedance DI51 is 
grounded. Dogr a d o tio R impedance DI51 can be ©mbedfed-to use the passive or 
the active elements of resistor and inductor, etc. 

[0060] As mentioned above, the common-source amplifier has excellent noise 
and gain characteristics, and can get satisfying input power and noise matching 
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at the same time, through the de^fadatron impedance DI51 connected to the 



^atthe s 

source of the amplifying element MS51 . Also, as shown in Fig. 3, the , „ 

common-source amplifier can Js§ display^ the capability of the best suited^ 
""Ymise and gain sid^obecauset^iatching circuit 3500 is connected to the first 
terminal of the first amplifying cell 3100. Therefore, when the low noise 
amplifier is used Xg the above common-source amplifier in the high gain mode 

which neecrhigh gain amplifying operation, it can^p display^ me most 

u . r 
capability 

[0061] Fig. 5b is a circuit diagram for showin^fnside structure of the second 
amplifying cell 3300 in accordance with an embodiment of the present invention^ 
invariable gain low noise amplifier shown in Fig. 3-aod-Fig. 4. 
[0062] As shown in Fig. 5b, the second amplifying cell 3300 is embodied in 

^common-gate, and comprises an amplifying part 510 and gain part 530. 
[0063] The amplifying part 510 of the second amplifying cell 3300 comprises 
the first amplifying element MG51 . The drain of the first amplifying element 
MG51 is connected to the connecting point of the source of the second and 
third amplifying element MG52, MG53 ol^ariable gain part, and when operating 

Ylow gain mode, LG-biasing voltage activate the second amplifying cell 

3300 is driven, and^ource is formed^FieTirst terminal 305 of the second 
amplifying cell 3300. 

[0064] Invariable gain low noise amplifier in accordance with an embodiment of 
the present invention, preferably5^urrent source not shown^eftfr to Fig. 2) 
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is provided between the source of the first amplifying element MG51 and 
ground. In this case, it can j^changey/ trans-conductance (gm) data of the first 
amplifying element MG51, and it can ^ control^ input impedance data of 
amplifying part 510, by control or^urrent source data. 

[0065] A variable gain part 530 comprises the second and the third amplifying 
elements MG52, MG53 and voltage source V51 and variable voltage source 
V52. The drain of the second amplifying element MG52 is formecTffie seconcT 
terminal 307 of the second amplifying cell 3300, and gate is connected to one 
^terminal ortfoltage source V51/^ource is connected to the third amplifying 
element MG53. The drain of the third amplifying element MG53 is connected to 

-t*^~ 

N^power source VDD, gate is connected tcK/ariable voltage source V52. The drain 
of the third amplifying element MG53 is connected tcrpower source VDD>gate 
is connected to variable voltage source V52. 

[0066] An amplifying part 510 comprises the first amplifying element MG51 
connected t^ommon-gate, and amplifies the signal driven in the first terminal 
305 of the second amplifying cell 3300. As mentioned above/^ommon-gate 
amplifier can easily controlled input matching, and it has^ excellent linearity. 
[0067] As the variable gain part 530 controls the current quantities which 



divide^ the current e^e f rom^mplifying part into the second and the third 
amplifying elements MG52, MG53, by the control orvariable voltage source 
V52, the variable gain part 530 can vary the output^Se^frvthe second 
terminal 307 of the second amplifying cell 3300, and it can control in 
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succession the gain data of the second amplifying cell 3300. In addition, 
because the current of the first amplifying element MG51 is not changed by 
N^ariable gain part 530, the trans-conductance data of the first amplifying 

element MG51 is regular, the input matching of the second amplifying cell 3300 
is not changed. 

[0068] Therefore, irvariable gain part is usecKhe second amplifying cell 3300^ 
which has common-gate construction shown in Fig. 5b ii^ow gain mode, it can 
perform successive variable gain function without changing the characteristic of 



^input matching, and a low noise amplifier can be laoVf e n 



input matching, and a low noise amplifier can be lgatf e n a excellent linearity. 

[0069] Fig. 5c is a circuit diagram for showing-selective matching circuit 3500 in 

accordance with an embodiment of the present invention^ocrvariable gain low 

or- 

noise amplifier shown in Fig. 3 aa4 Fig. 4. 

[0070] As shown in Fig. 5c, the selective matching circuit 3500 in accordance 
with an embodiment of the present invention comprises the first and the second 



inducto?L51, L52 and capacitor C51 and the second short circuit-means v §W2. 
[0071] One of the terminals of the first inductor L51 is connected to the second 
inductor L52 and capacitor C51, the other terminal is connected to one of the 
terminals of the second short circuit-means SW2. The other terminal of the 
second inductor L52 is formea^tRe first terminal 309 of^elective matching 
circuit 3500, the other terminal ofVtfapacitor C51 is formecHhe secondlerminal 



M 1 ol^fele 



31 1 oMelective matching circuit 3500, the other terminal of the second short 
circuit-means SW2 is grounded. 
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[0072] In the selective matching circuit 3500 in accordance with an embodiment 
of the present invention, the second short circuit-means SW2 can display^ 
the capability of the best suited^lfi^e statee^the first amplifying cell 3300 is 
activated^by high gain mode driven HG-biasing; in case of low gain mode, i.e., 
-as HG-biasing is not driven, the selective matching circuit 3500 is selected^fie 1 
input impedance of the high gain mode circuit block which is made^selective 
matching circuit 3500 and the first amplifying cell 3 TOO, in case the first 
amplifying cell 3100 is not activated. . 

[0073] Fig. 6a shows a circuit diagram of t^ variable gain low noise amplifier 
shown in Fig. 3 using circuits shown in Fig 5a, 5^ and 5c. 

[0074] As shown in Fig 6a^</ariable gain low noise amplifier in accordance with 
an embodiment of the present invention comprises the first and second 
amplifying cel?3100, 3300 a«d5Sective matching circuit 3500 and the first 
short circuit-mear^SWT! 

[0075] The first amplifying cell 3100 is embodied in the form okommon-source 
and is operated l^igh gain mode, and the second amplifying cell 3300 is 
embodied in the form o^%ommon-gate and is operated i^low gain mode. 
Moreover,^elective matching circuit 3500 comprises the second short circuit- 
means, and in high gain mode, the input of the first amplifying cell 3100 is 
matched b^eiective matching circuit 3500 in order that the first amplifying cell 
3100 can b^display^fh^ capability of the best suited^and iajow gain mode, 

the input impedance of the first amplifying cell 3100 is changed Ha high data 

2fe 
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jy^elective matching circuit 3500, and the first amplifying cell 3100 is not 
operated as the load of the second amplifying cell 3300. Therefore/M/ariable gain 
low noise amplifier in accordance with an embodiment of the present invention 
can^T display^, the capability of the best suiteSKfTeachTgain mode. 
[0076] Also^variable gain low noise amplifier in accordance with an embodiment 
of the present inwgion j£ usesfc'common-source the first amplifying cell 3100 in 
riigh gain modeVdemand 
common-gate>tne second amplifying cell 3100 irTlow gain mod^emanded-high 
linearity and successive variable gain, as a consequence of that^ linearity is 
good a«d-input matching is easy and^niplifier can>£ o mbod f od variable gain 
low noise amplifier wh i ch i s - possible successive variable gain functions 
[0077] Furthermore, in case the power level of^jceiving signal is enough large 
and amplifying is not need^&a receiving signal is directly passed "ter output 
terminal by the fourth short circuit-means SW4 shown in Fig, power 
consumptior^emanded foramplifying operation is not 



[0078]Fig.6b and Fig. 6c are circuit diagrams shown in equivalent the input part* 
of the first amplifying cell 3100 in order to describe/ more specifically the 
operation of^efective matching circuit 3500 in accordance with an embodiment 
of the present inventior^in^aseyariable gain low noise amplifier is operated in 
©ach nigh gain mode emd low gain mode. 

[0079] In eese-of high gain mode, the second short circuit-means is open, and 

« 

the input ^ activatee^the first amplifying cell 3100 can be shown in a 
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n. At this timervariable gain low noise amplifier can be-gottefT 



equivalent ZHG,on. At this 

the capability of the best suitednSy matching the input impedance of the first 

amplifying cell 3100 by meam-of using the second inductor L52 and capacitor 

C51 . That is, because the electric powers dH/ariable gain low noise amplifier 

and the first amplifying cell 3100, the high gain mode characteristic of the best 

suited^an be gotte n-. 

I^a — 

[0080] In ^ese-ef low gain mode, the second short circuit-means is short, and 
inactivat^C^^nput of the first amplifying cell 3100 can be shown in a 
equivalent ZLG,bff. Here, ZLGJpff is - hod viow3 on to b e very different *>k»*^ i 
ZHG Jon^ata* Jhis time^iatching circuit 3500 comprises the first and the 
second inductor L51, L52 and capacitor C51 . The first inductor L51 he» ^ 
inductance data that v fheinput part of the first amplifying -seei^^^ubstantial 
infinite input impedancelfinode 309. As it does this-way^. in eese-tff low gain 
mode, the input part of the first amplifying cell 3100 is not affected the 
second amplifying cell 3300. Therefore, the input -o^ariable gain low noise 
amplifier is matched iei the most Titred - tho input of the second amplifying cell 
3300, because the maximum power Pin is transferred^^^^^t the same time, 
the power of the first amplifying cell 3100 is substantial 7ero, variable gain low 
noise amplifier is - gott en the low gain mode characteristic of the best suited. 

INDUSTRIAL APPLICABILITY 
[0081] In a low noise amplifier in accordance with the present invention, 

W 

because the operating circuits in each gain mode is not affected i(/the 
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performance of the operating circuit of the best suited^tathe other gain mode, 
J^each circuit^ can^ display^ the capability -oi-toe best suited itJSre each 
mode. 

[0082] Also, input matching, gain, noise characteristic and linearity etc, can 

display^ the capability o f th e best suited iff the each other^ffferent gain mode? 

[0083] Further, Xjfik each circuits^ operated iiVgain mode moVcthan two 

V ~f-*o 

according to the size o^receiving signals, and can ^ varied gain in low gain 
mode. 

[0084] Furthermore, because the output of each circuits get to be equal ^ the 
receiving signals by the short circuit-means, in oaco amplifying operation is not 
neecr^fie^ power consumption is reduced. 
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